We estimate the beyond the Standard Model (SM) contribution to the B s,d → γγ double radiative decay in the framework of the model with one universal extra dimension. This contribution gives a ∼ 3 (6)% enhancement of the branching ratio calculated in the SM for B s (d) → γγ.
Introduction
It is known that in the Standard Model (SM) the double radiative decays of the B s,d mesons, B s,d → γγ, first arise at the one loop level with the exchange of up-quarks and W-bosons in the loops [1, 2, 3, 4, 5] . The branching ratios for the above decays are of the order of ∼ 10 −7 (10 −9 ). On the other hand there is the possibility to enhance the above mentioned decays in extended versions of the SM. In the papers [6, 7] it was shown that in supersymmetric versions of the SM one could reach a branching ratio as large as Br(B s → γγ) ∼ 10 −6 depending on the SUSY parameters. This enhancement was achieved mainly due to the exchange of charged scalar Higgs particles within the loop. There exists an analogous possibility in other exotic models as well for the scalar particle exchange inside the loop, which could potentially enhance this process. For example, the Appelquist, Chang and Dobresku (ACD) model with only one universal extra dimension [8] presents us with such an opportunity. One should note that in the above approach towers of charged Higgs particles arise as real objects with certain masses, not as fictitious (ghost) fields.
In this letter we aim to calculate the contributions from these real scalars to the B s,d → γγ decay. The article is organized as follows: in the section 2 some useful information about the ACD model, necessary for the calculations, is provided. Section 3 is devoted to the calculation of the pertinent amplitudes. In section 4, numerical estimates of the branching ratios are discussed.
Useful information on the structure of the ACD-model
In the Universal Extra Dimension (UED) scenarios all the fields presented in the SM live in extra dimensions, i.e. they are functions of all space-time coordinates. For bosonic fields one simply replaces all derivatives and fields in the SM lagrangian by their 5-dimensional counterparts. These are the U (1) Y -and SU (2) L -gauge fields as well as the SU (3) C -gauge fields from the QCD -sector. The Higgs doublet is chosen to be even under P 5 (P 5 is a parity operator in the five dimensional space) and possesses a zero mode. Note that all zero modes remain massless before the Higgs mechanism is applied. In addition we should note that as a result of the action of the parity operator the fields receive additional masses ∼ n/R after dimensional reduction and transition to the four dimensional Lagrangians.
In the five dimensional ACD model the same procedure for gauge fixing is possible as in the models in which fermions are localized on the 4-dimensional subspace. With the gauge fixed, one can diagonalize the kinetic terms of the bosons and finally derive expressions for the propagators. Compared to the SM, there are additional Kaluza-Klein (KK) mass terms. As they are common to all fields, their contributions to the gauge boson mass matrix is proportional to the unity matrix. As a consequence, the electroweak angle remains the same for all KK-modes and is the ordinary Weinberg angle θ W . Because of the KK-contribution to the mass matrix, charged and neutral Higgs components with n = 0 (n being the number of the KK-mode) no longer play the role of Goldstone bosons. Instead, they mix with W ± 5 and Z 5 to form, in addition to the Goldstone modes G 0 (n) and G ± (n) , three additional physical states a 0 (n) and a ± (n) . It is precisely the role of these additional charged physical states to double radiative neutral B-meson decays that is studied in this paper.
The Lagrangian responsible for the interaction of charged scalar KK towers a * (n) with the ordinary down quarks reads
utilizing the following notations [9] :
where V ij are elements of the CKM matrix. The mass parameters in Eq.(2) are defined as
Here, M W and the masses of up (down)-quarks m i (m j ) in the right-hand-side of Eq.(3) are zero mode masses and the c i(n) , s i(n) stand for the cos and sin of the fermions mixing angles, respectively,
The masses for the fermions are calculated as
In the phenomenological applications we use the restriction n/R ≥ 250 GeV and hence we assume that all the fermionic mixing angles except α t(n) are equal zero.
Structure of B s,d → γγ in the ACD model with one extra dimension
The Feynman graphs, describing the contributions of scalar physical states to process under consideration, are shown in Fig.1 .
The amplitude for the decay B s,d → γγ has the form
This equation is correct after gauge fixing for the final photons which we have chosen as
where ǫ 1 and ǫ 2 are photon polarization vectors, respectively. The condition Eq.(7) together with energy-momentum conservation leads to
where
Let us write down some useful kinematical relations which are results of Eqs. (7, 8) as well: The total contributions into CP -even (A) and CP -odd (B) amplitudes from Eq.(6) are calculated as sums of the appropriate contributions of the diagrams in Fig.1 corresponding to a tower of scalar particle contributions in the ACD model with only one extra dimension. Let us note that we used the following formula for the hadronic matrix elements:
Apart from one particle reducible (1PR) diagrams, one particle irreducible (1PI) ones contribute to the amplitudes, and hence, to their CP -even (A) and CP -odd (B) parts. We should note that each of the 1PI contributions is finite. Let us discuss these contributions in more details. In the SM only one 1PI diagram (one with the W -boson exchange in the loop, when both photons are emitted by virtual up-quarks) gives the contribution of the order of ∼ 1/M 2 W . In the Ref. [10] it was observed that diagrams with light quark exchange contribute as ∼ 1/M 
Branching ratio for the B → γγ decay
The total contributions to the B → γγ decay amplitudes are:
As it is obvious from Fig.1 , the correct calculation assumes the inclusion of the crossed diagrams (not shown on fig.1 ). In the kinematics we use, cf. Eqs. (7) (8) (9) (10) , this leads to a factor 2 for all amplitudes, except for the one given by diagram 11. However, diagram 11 belongs to the class of 1PI diagrams. As it was stated above, one particle irreducible diagrams does not give leading contributions into process and therefore their contributions (∼ 1/M 4 W ) are negligible comparing with that of the 1PR diagrams.
On the other hand, using the unitarity feature of the Kobayashi-Cabibbo-Maskawa matrix, the amplitude for double radiative B-meson decay can be rewritten as:
Let us note that we restricted ourselves by calculating the leading order terms of ∼ 1/M 2 W from the up-quark KK-towers. In this approximation it turns out that the u (n) and the c (n) towers have equal contributions. Therefore, the expressions for the amplitudes have a simpler form than before: A = λ t (A t(n) − A c(n) ) , B = λ t (B t(n) − B c(n) ) .
Furthermore, it is easy to obtain from Eq.(6) the expression for the B → γγ decay partial width:
